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(54) TRANSISTOR AND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a transistor 
which uses a transparent cannel layer of zinc oxide or 
the like, and is transparent partially or in entirety. 
SOLUTION: A channel layer 1 1 is formed of a 
transparent semiconductor of zinc oxide ZnO or the like. 
A transparent electrode is provided to some or all of a 
source 1 2, a drain 1 3 or a gate 1 4. As the transparent 
electrode, transparent conductive material such as 
conductive ZnO doped with a group III element or the 
like is used. A gate insulating layer 15 is formed of 
transparent insulating material, such as insulating ZnO- 
doped with a univalent element or a group V element. 
When the substrate 16 is turned transparent, it is formed 
of transparent material such as glass, sapphire, plastic or 
the like. 
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Epitome 



(57) [Abstract] 

[Technical problem] The part or all using a transparence channel layer, 
such as a zinc oxide, offer a transparent transistor. 
[Means for Solution] The channel layer 11 is formed with transparent 
semi-conductors, such as a zinc oxide ZnO. As for the source 12, a drain 
13, or the gate 14, a transparent electrode is used for all or a part 
while each, the conductivity which doped the III group element etc. as a 
transparent electrode, for example — transparent conductive ingredients, 
such as ZnO, are used, the insulation which doped the element or V group 
element which can take a univalent valence as a gate insulating layer 15, 
for example — transparence insulation ingredients, such as ZnO, are 
used. When a substrate 16 is transparent, as a transparent ingredient, 
glass, sapphire, a plastic, etc. can be used, for example. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transistor characterized by providing the following The 
transparence channel layer of the nondegenerate semi-conductor which 
does not dope an impurity using either among a zinc oxide ZnO, 
magnesium-oxide zinc MgxZnl-xO, cadmium oxide zinc CdxZnl-xO, and 
cadmium oxide CdO the conductivity which is not doped or it doped either 



the III group element, the VII group element, I group element or V group 
element — the source and the drain which used for the all or part 
transparence conductors, such as transparent conductive ingredients, 
such as ZnO, In 203, Sn02, or (In-Sn) Ox, or the electrode material 
which is not transparent, and the gate 

[Claim 2] the insulation which doped the element or V group element 
which can take a univalent valence between said transparence channel 
layers and said gates — the transistor according to claim 1 further 
equipped with the gate insulating layer using a transparence insulation 
ingredient, a transparence insulation oxide, or transparence insulators, 
such as ZnO. 

[Claim 3] The transistor according to claim 1 characterized by having 
further the gate insulating layer which used the transparence insulating 
material of ferroelectricities, such as Znl-xLixO or Znl-x (LiyMgx-y) 0, 
between said transparence channel layers and said gates, and said gate 
insulating layer having a memory function. 

[Claim 4] The transistor according to claim 1 to 3 further equipped with 
the transparent insulating substrate to form said transparence channel 
layer. 

[Claim 5] The semiconductor device equipped with the light-emitting part 
formed of the field of other semi-conductors connected with the field 
which followed said drain or source of a transistor according to claim 1 
to 4 and said transistor, said drain, or the source, and the semi- 
conductor layer joined by said field. 

[Claim 6] The semiconductor device equipped with the capacitor formed of 
the field of other semi-conductors connected with the field which 
followed said drain or source of a transistor according to claim 1 to 4 
and said transistor, said drain, or the source, or a conductor, said 
gate insulating layer or other insulating layers on said field, and the 
semi-conductor layer or conductor layer on said gate insulating layer, 
or an insulating layer besides the above. 

[Claim 7] the insulation which doped the element or V group element 
which can take a univalent valence for a transistor according to claim 1 
to 4 — the semiconductor device characterized by carrying out the 
laminating of the more than one through the insulating layer using a 
transparence insulation ingredient, a transparence insulation oxide, or 
transparence insulators, such as ZnO. 

[Claim 8] the conductivity which does not dope a transistor according to 
claim 1 to 4 or it doped either the III group element, the VII group 
element, I group element or V group element to all or some of wiring 
between two or more preparations and said two or more transistors — the 



semiconductor device characterized by using transparence conductors, 
such as transparent conductive ingredients, such as ZnO, In 203, Sn02, 
or (In-Sn) Ox, or the electrode material which is not transparent. 
[Claim 9] the conductivity which is not doped or it doped either the 
transistor according to claim 1 to 4, an III group element or a VII 
group element, I group element or V group element — the semiconductor 
device equipped with the inductor formed with transparence conductors, 
such as transparent conductive ingredients, such as ZnO, In 203, Sn02, 
or (In-Sn) Ox. 

[Claim 10] The semiconductor device characterized by the thing arrange a 
semiconductor device according to claim 5 in the shape of two or more 
matrices, and it was made for a light-emitting part to drive with each 
transistor. 

[Claim 11] The semiconductor device characterized by the thing arrange a 
semiconductor device according to claim 6 in the shape of two or more 
matrices, and it was made for a capacitor to drive with each transistor. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a transistor and a 
semiconductor device, and relates to the semiconductor device which 
carried out the laminating of a transparence transistor and the 
transparence transistor, and the semiconductor device which applied the 
transparence transistor to the object for the drive of a light emitting 
device, or R/W of memory especially. In addition, in this invention, th 
concept of "having transparence or translucency" shall be included in 
the concept of the simple top of explanation, and "transparence. " 



[0002] 

[Description of the Prior Art] Generally, the thin film transistor using 
an amorphous silicon, polycrystalline silicon, etc. as transistors for 
the drive of a liquid crystal display device etc. is used. Since these 
ingredients have photosensitivity to the light field, a carrier is 
generated by light and resistance falls. Therefore, if light is 
irradiated, a transistor may become with an ON state, although it should 
be controlled by the OFF state. Then, in order to maintain a transistor 
to an OFF state, in the former, the filter layer of light, such as a 
metal coat, was used and the fall of the carrier resistance by light is 
prevented. 
[0003] 

[Problem(s) to be Solved by the Invention] Generally, many liquid 
crystal display devices in a node mold personal computer etc. are used, 
and energy saving, a raise in brightness, and a miniaturization are 
called for. For that purpose, it is effective to raise the rate of an 
effective display area occupied to a unit pixel. However, as mentioned 
above, with the transistors for a drive etc., since the filter layer of 
light, such as a metal thin film, is formed, the area rate (numerical 
aperture) which is a pixel decreases. Therefore, contraction of the 
transistor area by high-performance-izing of a transistor or a raise in 
the brightness of a back light was required for development of a display 
device with bright brightness. However, as the cure by high-performance- 
izing of a transistor, there is a limitation of the yield and cost will 
go up. Moreover, energy expenditure will increase as the cure by making 
a back light bright. 

[0004] Since current [ of orientation control or valence-electron 
control of the conventionally difficult zinc oxide ] became possible in 
view of the above point, this invention aims at the part or all using a 
transparence channel layer, such as a zinc oxide, offering a transparent 
transistor. Namely, by using ingredients, such as a transparent zinc 
oxide, for a channel layer (conductive layer), it is made for this 
invention not to have photosensitivity to a light field, it abolishes 
the need of forming a protect ion-from-light layer, and aims at offering 
the transistor it was made to raise the area rate of displays, such as a 
liquid crystal display device. 

[0005] Moreover, this invention aims at using a transparence transistor 
for various application in the optical device field like [ the object 
for the drive of light emitting devices, such as a surface emission-type 
laser and electroluminescence devices, and for memory ]. Furthermore, 
this invention aims at offering not only the drive circuit that does not 



need an optical filter layer but the semiconductor device used for 
various kinds of broad application as a transparent electronic device. 
Furthermore, generally, if more impurities than the specified quantity 
are doped to a semi-conductor, it will be "degenerating", and on the 
other hand, if an impurity is not doped, it will become "nondegenerate. " 
It considers as the semi-conductor of the property that a current flows, 
with doping an impurity in a channel layer, namely, the technique about 
a semi-conductor in which a channel layer is a "degenerate 
semiconductor" is indicated by patent application (a ****** No. 505377 
[ 11 to ] official report, U.S. Pat. No. 5744864) besides Philips. In 
this case, if ZnO is usually used as a channel layer, it will be thought 
according to degeneration that it does not operate. Especially this 
invention does not dope an impurity in a channel layer in view of the 
above point, namely, a channel layer aims at offering the transistor and 
semiconductor device which are a "nondegenerate semi-conductor. " This 
invention can attain the following purposes according to the difference 
in such a configuration. 

- Improve the stability properties (change actuation, secular change, 
etc. ) of a transistor by not doping an impurity. 

- Increase an on-off ratio with the semi-conductor (nondegenerate) with 
which the impurity is not doped. Thereby, an OFF state is improved as a 
switching element. In addition, in degeneration like before, the 
inclination for the OFF state current to leak a little is size. 

- Although the passive elements (lead wire, electrode, etc.) using the 
semi-conductor (nondegenerate) with which the impurity is not doped 
existed from the former, since an active element (transparence 
transistor) like this invention did not exist, offer such a transistor 
and a semiconductor device. 

[0006] 

[Means for Solving the Problem] According to the 1st solution means of 
this invention, a zinc oxide ZnO, magnesium-oxide zinc MgxZnl-xO, The 
transparence channel layer of the nondegenerate semi-conductor which 
does not dope an impurity using either among cadmium oxide zinc CdxZnl- 
xO and cadmium oxide CdO, the conductivity which is not doped or it 
doped either the III group element, the VII group element, I group 
element or V group element — transparent conductive ingredients, such 
as ZnO, — The transistor equipped with the source, the drain, and the 
gate which used for the all or part transparence conductors, such as In 
203, Sn02, or (In-Sn) Ox, or the electrode material which is not 
transparent is offered. 

[0007] Moreover, this invention can offer the semiconductor device 



equipped with the light-emitting part formed of the semi-conductor layer 
joined to **** by the field of other semi-conductors connected with the 
field which followed said drain or source of the transistor of a 
publication, and said transistor, said drain, or the source, and said 
field. Furthermore, this invention can offer the semiconductor device 
equipped with the capacitor formed in **** of the field of other semi- 
conductors connected with the field which followed said drain or source 
of the transistor of a publication, and said transistor, said drain, or 
the source, or a conductor, said gate insulating layer or other 
insulating layers on said field, and the semi-conductor layer or 
conductor layer on said gate insulating layer, or an insulating layer 
besides the above. 

[0008] Furthermore, this invention offers the semiconductor device to 
which the transparence transistor was applied to a semiconductor device, 
a light emitting device, memory, etc. which were made into the 
laminating. 
[0009] 

[Embodiment of the Invention] (1) The electrolysis effectiveness 
transistor (Field Effect Transistor, FET) 

The sectional view of the gestalt of operation of the 1st of the 
transistor which starts this invention at drawing 1 is shown. As shown 
in drawing 1 (A), the transistor of the gestalt of the 1st operation is 
equipped with those with a thing about FET, the channel layer 11, the 
source 12, a drain 13, the gate 14, the gate insulating layer 15, and a 
substrate 16. The channel layer 11 is formed on a substrate 16. The gate 
insulating layer 15, the source 12, and a drain 13 are formed in the 
channel layer 11. The gate 14 is formed on the gate insulating layer 15. 
[0010] The modification of the gestalt of the 1st operation is shown in 
drawing 1 (B). As for this transistor, the channel layer 11 is formed on 
a substrate 16. Furthermore, the source 12 and a drain 13 are formed of 
ohmic junction, and the gate 14 is formed in the channel layer 11 of the 
Schottky barrier, respectively. In this example, since there is no gate 
insulating layer 15 compared with drawing 1 (A), a suitable clearance is 
prepared between the source 12 and a drain 13, and the gate 14. 
[0011] The ingredient of each component is explained below. The channel 
layer 11 is formed in the 1st with a transparent semi-conductor. As an 
ingredient of a transparent channel layer, a zinc oxide ZnO, magnesium- 
oxide zinc MgxZnl-xO, cadmium oxide zinc CdxZnl-xO, or cadmium oxide CdO 
can be used, for example. Which thing which has n form, p form, those 
nothing with a dope, or a nothing dope is sufficient as these 
ingredients. With the gestalt of this operation, the transparence 



channel layer was used as the nondegenerate serai-conductor which does 
not dope an impurity using either among a zinc oxide ZnO, magnesium- 
oxide zinc MgxZnl-xO, cadmium oxide zinc CdxZnl-xO, and cadmium oxide 
CdO. 

[0012] As for the source 12, a drain 13, or the gate 14, a transparent 
electrode is used [ 2nd ] for all or a part while each, the conductivity 
which doped the III group element (B, aluminum, Ga, In, Tl), the VII 
group element (F, CI, Br, I), I group element (Li, Na, K, Rb, Cs), or V 
group element (N, P, As, Sb, Bi) as a transparent electrode, for example 
— the conductivity which does not dope ZnO or various elements — 
transparent conductive ingredients, such as ZnO, are used. Here, when 
doping these elements, the amount of dopes can be set up suitably (for 
example, although n++-ZnO which doped n form can be used for high 
concentration, not limited to this). Furthermore, if it considers as the 
source 12, a drain 13, or the gate 14, transparence conductors, such as 
In 203, and Sn02, Ox (In-Sn), can be used. Moreover, metals, such as 
aluminum and Cu, and the electrode material which are not transparence, 
such as high-doped semi-conductor polish recon, may be used besides a 
transparent ingredient. Furthermore, a transparent ingredient can be 
adopted in part and the ingredient which is not transparence a part can 
also be adopted. 

[0013] the insulation which doped the element or V group element which 
can take a univalent valence as a gate insulating layer 15 to the 3rd, 
for example — transparence insulation ingredients, such as ZnO, are 
used. As an element which can take a univalent valence, there are I 
group element (Li, Na, K, Rb, Cs), Cu, Ag, Au, etc., for example. There 
are N, P, As, Sb, Bi, etc. as a V group element. If it considers as the 
gate insulating layer 15, transparence insulation oxides, such as 
aluminum 203, and MgO, Ce02, ScAlMg04, Si02, can be used. Furthermore, 
transparent insulators, such as vinyl and a plastic, may be used. In 
addition, the ingredient of the channel layer 11 and the good ingredient 
of high insulation of grid matching of the gate insulating layer 15 are 
desirable. ScAlMg04 grade is used when a zinc oxide is used as a channel 
layer. The lattice constant of these within all fields corresponds 
within 1%, and epitaxial growth is possible for them to mutual. Moreover, 
the transistor itself can have a memory function by using the ingredient 
of a ferroelectricity for the gate insulating layer 15. As an ingredient 
of a ferroelectricity, for example, Znl-xLixO, Znl-x(LiyMgx-y) 0, etc. 
can be used. 

[0014] The ingredient of insulation [ substrate / 16 ] mainly is used 
[ 4th ]. When making a substrate transparent, as a transparent 



ingredient, glass, sapphire, a plastic, * etc. can be used, for example. 
Moreover, the ingredient which is not transparent may be used for a 
substrate depending on an application. For example, it is good for an 
application as which transparency is required like a liquid crystal 
display screen to use the substrate of transparence. As a substrate 16, 
as one of the most highly efficient ingredients, if for example, a zinc 
oxide single crystal or ScAlMg04 single crystal is used, it is possible 
to make the transparence channel layer 11 or source 12 list carry out 
epitaxial growth of the drain 13 grade on the substrate. Although some 
grain boundary exists also on the substrate of a sapphire single crystal, 
epitaxial growth is possible in channel layer 11 grade. Moreover, also 
on a glass substrate, although optionality is in orientation bearing 
within a field, orientation control is possible in the direction of 
thickness, and sufficient property can be shown in it as a drive circuit 
of a display device. 

[0015] The sectional view of the gestalt of the 2nd and operation of the 
3rd of the transistor which starts this invention at drawing 2 is shown. 
The transistor of the gestalt of the 2nd operation is equipped [ which 
is shown in drawing 2 (A) ] with the channel layer 21, the source 22, a 
drain 23, the gate 24, the gate insulating layer 25, and a substrate 26 
about FET. The source 22 and a drain 23 are formed on a substrate 26. 
The channel layer 21 is formed so that these may be covered. The gate 
insulating layer 25 is further formed in the channel layer 21. The gate 
24 is formed on the gate insulating layer 25. Here, the gate 24, the 
gate insulating layer 25, and the channel layer 21 have metal-insulator- 
semiconductor structure. 

[0016] The sectional view of the gestalt of operation of the 3rd of the 
transistor which starts this invention at drawing 2 (B) is shown. This 
transistor is deformation of the gestalt of the 2nd operation, the gate 
insulating layer 25 is not formed but the gate 24 and the channel layer 
21 serve as a transistor shown in drawing 2 (A) with the structure of 
the Schottky barrier. When it has the gate insulating layer 25 like 
drawing 2 (A), there are few limits of the applied voltage of the gate. 
On the other hand, when it does not have the gate insulating layer 25 
like drawing 2 (B), the withstand voltage between the gate-sources and 
between gate-drains becomes low. Moreover, a manufacture process becomes 
easy in this case. 

[0017] The sectional view of the gestalt of operation of the 4th of the 
transistor which starts this invention at drawing 3 is shown. The 
transistor of the gestalt of the 4th operation is equipped with the 
channel layer 31, the source 32, a drain 33, the gate 34, the gate 




insulating layer 35, and a substrate 36 about FET. The channel layer 31 
is formed on a substrate 36. The gate insulating layer 35 is formed in 
the channel layer 31, and the gate 34 is formed on the gate insulating 
layer 35. The source 32 and a drain 33 can be formed of diffusion or an 
ion implantation etc. which uses the gate insulating layer 35 as a mask. 
Moreover, the gate insulating layer 35 is also omissible by setting up 
the size of the gate 34 suitably as deformation of this example. 
[0018] In addition, in the above-mentioned gestalt of the 2nd - the 4th 
operation, the ingredient of each component is the same as that of what 
was explained with the gestalt of the 1st operation. 

[0019] (2) The sectional view of the gestalt of operation of the 5th of 
the transistor which starts this invention at bipolar transistor drawing 
4 is shown. The transistor of the gestalt of the 5th operation is 
equipped with the base 41, an emitter 42 and a collector 43, a base 
electrode 44, the emitter electrode 45 and a collector electrode 46, and 
a substrate 47 about a bipolar transistor. 

[0020] With a npn form transistor, an emitter 42 and a collector 43 are 
formed with n form transparence semi-conductor, and the base 41 is 
formed with p form transparence semi-conductor. A base electrode 44, the 
emitter electrode 45, and a collector electrode 46 are formed on the 
base 41, an emitter 42, and a collector 43, respectively. Similarly, 
with a pnp form transistor, as shown within the parenthesis, an emitter 
42 and a collector 43 are formed with p form transparence semi-conductor, 
and the base 41 is formed with n form transparence semi-conductor. Since 
it can pass a high current as compared with FET, the bipolar transistor 
is especially advantageous when it needs high currents, such as a laser 
drive. 

[0021] Below, the ingredient of each component is explained. As an n 
form transparence semi-conductor, the n form ZnO is used, for example. 
The n form ZnO is ZnO which doped for example, the III group element (B, 
aluminum, Ga, In, Tl) and the VII group element (F, CI, Br, I). As a p 
form transparence semi-conductor, the p form ZnO is used, for example. 
The p form ZnO is ZnO which doped for example, I group element (Li, Na, 
K, Rb, Cs) and V group element (N, P, As, Sb, Bi). The amount of dopes 
of each of these elements can be made into a proper amount according to 
the dimension of a component, thickness, a degree of integration, the 
engine performance, etc. 

[0022] The ingredient of a base electrode 44, the emitter electrode 45, 
and a collector electrode 46 is the same as the ingredient of the source 
12 explained with the gestalt of the 1st operation, a drain 13, or the 
gate 14. namely, the conductivity which doped the III group element (B, 



aluminum, Ga, In, Tl), the VII group element (F, CI, Br, I), or I group 
element (Li, Na, K, Rb, Cs) as a transparent electrode, for example — 
the conductivity which does not dope ZnO or various elements — 
transparent conductive ingredients, such as ZnO, are used. Here, when 
doping these elements, the amount of dopes can be set up suitably (for 
example, although n++-ZnO which doped n form can be used for high 
concentration, not limited to this). Furthermore, if it considers as a 
base electrode 44, the emitter electrode 45, and a collector electrode 
46, transparence conductors, such as In 203, and Sn02, Ox (In-Sn), can 
be used. Moreover, metals, such as aluminum and Cu, and the electrode 
material which are not transparence, such as high-doped semi-conductor 
polish recon, may be used besides a transparent ingredient. Furthermore, 
transparence or the ingredient which is not transparent can be suitably 
chosen as all or some of these electrodes, and can be used for it. 
[0023] (3) The sectional view of a laminating form semiconductor device 
is shown in laminating form semiconductor device drawing 5 . This shows 
the case where the laminating of the transistor of the gestalt of the 
1st operation is carried out as an example. That is, the 2nd transistor 
is further formed on the transistor equipped with the channel layer 11, 
the source 12, a drain 13, the gate 14, the gate insulating layer 15, 
and the substrate 16. Between the 1st transistor and the 2nd transistor, 
an insulating layer 57 and the electric conduction shielding layer 58 
are formed in that case. The electric conduction shielding layer 58 
covers the 1st and the 2nd transistor electrically. As the 2nd 
transistor, the insulating layer 59 used as a substrate is formed, and 
the 2nd source 52 and the 2nd drain 53 are formed on it. Furthermore, 
the 2nd channel layer 51 is formed so that these may be covered, and the 
2nd gate insulating layer 55 and 2nd gate 54 are formed on it. 
[0024] The ingredient of insulating layers 57 and 59 may be the same as 
that of the gate insulating layer 15, and the same insulating materials 
of other as the transparence substrate 16 may be used for it. The same 
thing as the source 12, a drain 13, and gate 14 grade can be used for 
the ingredient of the electric conduction shielding layer 58. In 
addition, the electric conduction shielding layer 58 and an insulating 
layer 59 (or 57) are also omissible by making an insulating layer 57 (or 
59) sufficiently thicker than the thickness of the channel layer 11 (or 
the channel layer 11 and the gate insulating layer 15). In case the 
laminating of the transistor is carried out, the channel layer 11, the 
2nd channel layer 51, or insulating-layer 57 grade is good to carry out 
flattening suitably if needed. In addition, since there is possibility 
of the increment in cost when a planarizing process is added, it may be 



made to carry out flattening only of the proper layer among these. 
Moreover, the number of the transistors which carry out a laminating can 
be piled up the proper number of pieces if needed. Moreover, the 
transistor of the above-mentioned gestalt of the 1st - the 5th operation 
can be chosen suitably, and can carry out a laminating. Furthermore, the 
transistor of two or more classes may be chosen, it may mix, and a 
laminating may be carried out. 

[0025] (4) The sectional view and circuit diagram of a semiconductor 
device which applied FET which starts this invention at application 
drawing 6 (A) to a light emitting device and (B) to the drive of a light 
emitting device are shown, a, b, and c of the sectional view of drawing 
6 (A) correspond to a, b, and c of the circuit diagram of drawing 6 (B). 
In this device, a transistor is formed by the channel layer 61, the 
source 62, the drain 63, the gate 64, the gate insulating layer 65, and 
the substrate 66. Furthermore, a light-emitting part is formed in a 
drain 63 and the semi-conductor layer 67 by forming the semi-conductor 
layer 67 on the field of a drain 63. Moreover, the source electrode 68, 
the gate electrode 69, and the light-emitting part electrode 60 are 
formed. As a light-emitting part, when an n type semiconductor is used 
as a drain 63, the semi-conductor layer 67 uses a p type semiconductor. 
On the other hand, when a p type semiconductor is used as a drain 63, 
the semi-conductor layer 67 uses an n type semiconductor. 
[0026] In drawing, field luminescence of a light-emitting part is 
attained above at the semi-conductor layer 67 using the same transparent 
semiconductor material as the gate 64 by using a transparent electrode 
material for the light-emitting part electrode 60. Moreover, in drawing, 
field luminescence of a light-emitting part is attained by using a 
substrate 66 as a transparent ingredient down. Furthermore, if a 
luminescence field is an ultraviolet-rays field etc., it is also 
convertible for the light by arranging a fluorescent substance on a 
light-emitting part or to the bottom (namely, the semi-conductor layer 
67 and light-emitting part electrode 60 top or under a substrate 66). 
[0027] The sectional view and circuit diagram of a semiconductor device 
which applied the bipolar transistor which starts this invention at 
drawing 7 (A) and (B) to the drive of a light emitting device are shown, 
a, b, and c of the sectional view of drawing 7 (A) correspond to a, b, 
and c of the circuit diagram of drawing 7 (B). In this device, a 
transistor is formed by the base 71, an emitter 72 and the collector 73, 
the base electrode 74 and the collector electrode 76, and the substrate 
77. furthermore, emic by forming the semi-conductor layer 78 on the 
field of an emitter 72 — a light-emitting part is formed in 72 and the 



semi-conductor layer 78. Moreover, the light-emitting part electrode 79 
is formed in the semi-conductor layer 78. When an n type semiconductor 
is used as an emitter 72, the semi-conductor layer 78 uses a p type 
semiconductor. On the other hand, when a p type semiconductor is used as 
an emitter 72, the semi-conductor layer 78 uses an n type semiconductor. 
[0028] In drawing, field luminescence of a light-emitting part is 
attained above at the semi-conductor layer 78 using the same transparent 
semiconductor material as the base 71 by using a transparent electrode 
material for the light-emitting part electrode 79. Moreover, in drawing, 
field luminescence of a light-emitting part is attained by using 
substrate 77 grade as a transparent ingredient down. Furthermore, if a 
luminescence field is an ultraviolet-rays field etc., it is also 
convertible for the light by arranging a fluorescent substance on a 
light-emitting part or to the bottom (namely, the semi-conductor layer 
78 and light-emitting part electrode 79 top or under a substrate 77). 
[0029] In addition, about the transistor of the gestalt of the 1st - the 
3rd operation, similarly, a light-emitting part can be formed and it can 
combine as an object for a drive. Moreover, although the field which 
followed the source or a drain (a collector or emitter) was used for a 
part of light-emitting part in above-mentioned explanation, it may not 
be restricted to this, but the field of other semi-conductors connected 
with the source or a drain (a collector or emitter) may be formed, and 
this may be used as a part of light-emitting part. Moreover, a light 
emitting diode or a laser diode is sufficient as a light-emitting part, 
and it can form a proper luminescence device. Furthermore, if this 
invention is applied, a transparent semiconductor device can also be 
altogether created by driving a transparent ZnO light emitting device 
with a transparent transistor. Moreover, a part can also be made 
transparent. 

[0030] Furthermore, as a light-emitting part, proper configurations, 
such as terrorism structure and surface emission-type laser structure, 
can be adopted and combined to the multilayer reflective film and double. 
Moreover, it is applicable to a display, a lighting panel, a partial 
modulated light lighting panel, etc. suitably by arranging two or more 
light-emitting parts and transistors in the shape of a matrix, and 
driving each light-emitting part with a transparent transistor 
respectively. 

[0031] (5) The sectional view and circuit diagram of a device which 
applied FET which starts this invention at application drawing 8 (A) to 
memory and (B) to control of a memory device are shown, a, b, and c of 
the sectional view of drawing 8 (A) correspond to a, b, and c of the 



circuit diagram of drawing 8 (B). In this device, a transistor is formed 
by the channel layer 81, the source 82, the drain 83, the gate 84, the 
gate insulating layer 85, and the substrate 86. On the source 82, the 
conductive layer 88 by the same transparent conductive ingredient as 
this is formed. Furthermore, on the field of a drain 83, a semi- 
conductor layer or a conductor layer 87 is formed through the gate 
insulating layer 85, and a capacitor is formed with these components. 
Here, although the gate insulating layer 85 is used as an inter- 
electrode insulator of a capacitor, you may use it, forming an 
insulating layer different from this, moreover, the other semiconductor 
regions or conductor which could use the field which followed a drain or 
the source as an electrode of a capacitor, and was connected with a 
drain or the source — a field may be used, the ingredient which is not 
transparent as an electrode material which forms a capacitor as for a 
transparent material — ****** — a part — a transparent material may 
be used. By using a transparent ingredient suitably to these each class 
or a field, the whole or a part can create transparent memory. 
[0032] Moreover, also when the bipolar transistor concerning this 
invention is used, it can apply to memory by forming a capacitor 
suitably on a substrate. That is, a capacitor can be formed by the field 
of other semi-conductors connected with the field which followed the 
collector or the emitter, the collector, or the emitter, for example in 
a bipolar transistor like the gestalt of above-mentioned operation, or a 
conductor, the insulating layer on this field, and the semi-conductor 
layer or conductor layer on an insulating layer. 

[0033] In addition, in case it applies to memory, a memory device can be 
realized by arranging a transistor and a capacitor in the shape of a 
matrix, and driving each capacitor with each transistor. 
[0034] (6) An example of the property Fig. of the transistor of this 
invention is shown in property drawing 9 . This drawing shows an example 
of change of the drain current (axis of ordinate) when changing a drain 
electrical potential difference (axis of abscissa) in the gestalt of 
operation of the 1st of this invention about FET which used ZnO for the 
channel layer. Here, it considered as 200nm in thickness of a ZnO 
channel layer, lOOnm of gate insulation layer thickness, the gate length 
of 600 micrometers, and the gate width of 200 micrometers. Gate voltage 
VG was set to 0V and -2V— 8V. 

[0035] (7) The transistor of other application this inventions can be 
created to the same substrate as other components, such as a light 
emitting device and a capacitor. Moreover, two or more transistors of 
this invention can be formed by the same class or the different class, 



and a transparent material can also be used for wiring between these 
transistors. The component driven with a transistor or this transistor 
can make those part or all transparent suitably. Moreover, the magnitude 
of a transistor, thickness, a dimension, etc. can be suitably designed 
according to an application, a process, etc. The amount of dopes can set 
up a manufacture process, the device engine performance, etc. suitably 
if needed. 

[0036] Moreover, although the example which uses ZnO as the base for a 
semi-conductor, and dopes each element as a transparence n type 
semiconductor, a transparence p type semiconductor, a transparent 
conductive ingredient, and a transparence insulation ingredient was 
described, it is not restricted to this. For example, you may make it 
dope each element by using proper transparent materials, such as 
magnesium-oxide zinc MgxZnl-xO, cadmium oxide zinc CdxZnl-xO, and 
cadmium oxide CdO, as the base besides a zinc oxide ZnO. 
[0037] A part or all can realize a transparent semiconductor device by 
applying to the device which combined the transistor which it stated 
above, and also this invention drives the detector of an ultraviolet 
radiation - X-ray field, and carries out signal processing, an oxygen 
sensor, other acoustic waves, SAW (Surface Acoustic Wave), and 
piezoelectric. Furthermore, this invention can fix an electronic 
circuitry in windowpanes, transparence plastic sheets, etc. , such as an 
automobile and a house. Moreover, this invention can be used as 
computer-related peripherals, for example, a keyboard, a touch panel, 
and a pointing device at transparence. According to a transparent thing, 
and from others, it can create and a new thing can be offered in respect 
of a design so that indistinctly. [ creating secretly ] In addition, the 
application range of this invention is very extensive. 
[0038] 

[Effect of the Invention] According to this invention, the part or all 
using a transparence channel layer, such as a zinc oxide, can offer a 
transparent transistor as mentioned above. That is, according to this 
invention, by using ingredients, such as a transparent zinc oxide, for a 
channel layer (conductive layer), it is ceased to a light field to have 
photosensitivity, the need of forming a protect ion-from-light layer is 
lost, and the transistor made it whose area rate of displays, such as a 
liquid crystal display device, improve can be offered. 
[0039] Moreover, according to this invention, a transparence transistor 
can be used for various application in the optical device field like 
[ the object for the drive of light emitting devices, such as a surface 
emission-type laser and electroluminescence devices, and for memory ]. 



the transistor concerning this invention. 

[Drawing 4] The sectional view of the gestalt of operation of the 5th of 
the transistor concerning this invention. 

[Drawing 5] The sectional view of a laminating form semiconductor device. 
[Drawing 6] The sectional view and circuit diagram of a semiconductor 
device which applied FET concerning this invention to the drive of a 
light emitting device. 

[Drawing 7] The sectional view and circuit diagram of a semiconductor 
device which applied the bipolar transistor concerning this invention to 
the drive of a light emitting device. 

[Drawing 8] The sectional view and circuit diagram of a device which 
applied FET concerning this invention to control of a memory device. 
[Drawing 9] The property Fig. of the transistor of this invention. 
[Description of Notations] 
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12 Source 

13 Drain 

14 Gate 

15 Gate Insulating Layer 

16 Substrate 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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